This paper applies boundary layer theory to the process of manufacturing polymer fibres known as the melt spinning process. The rate of heat loss of the fibre during this process, characterised by the local Nusselt number, is evaluated by means of a Pohlhausen integral method.
Initial Observations
Bourne and Elliston [3] have used a Pohlhausen technique to determine the rate of heat transfer from a moving cylindrical fibre for Prandtl numbers in the range 0 ≤ σ ≤ 1. This paper aims to build upon the work of Bourne and Elliston [3] by determining the Nusselt number for a range of Prandtl numbers greater than unity. The method used is similar to that of Bourne and Elliston, with the same assumptions made with respect to fibre velocity, temperature and radius. The most important difference to note is that for Prandtl numbers greater than unity the temperature boundary layer is smaller than the momentum boundary layer. Although the resulting differential equation is similar to that obtained by Bourne and Elliston, it is somewhat more difficult to obtain initial conditions for.
Formulation and Analysis
The boundary layer equations are
where (u, v) are the velocity components in the (x, r) direction, T is the temperature, ν is the kinematic viscosity and κ is the thermal diffusivity. The Pohlhausen method involves integrating the energy equation with respect to r across the thermal boundary layer to obtain the energy integral equation, given by d
where T ∞ is the ambient temperature of the fluid. In order to solve this equation we must substitute in appropriate velocity and temperature profiles. The velocity and temperature profiles from Bourne and Elliston [3] 
where a is the fibre radius, T w is the fibre surface temperature, α and β are dimensionless parameters in the momentum and thermal boundary layer profiles and δ and δ T are the momentum and velocity boundary layer thickness respectively. Substituting these profiles into the energy integral equation and simplifying leads to the differential equation
where σ = ν κ . The initial conditions required to solve equation (4) were found by substituting the power series expansion {β = a 1 α + a 2 α 2 + a 3 
. Equation (4) was then solved using the 4 th order Runge-Kutta method in the range 0.15 ≤ α ≤ 10. The nusselt number was determined using the formula N u = 2π β . 
Comparison with Exact Solution
An exact solution to the above problem exists due to Crane [4] for various Prandtl numbers in the range 1 ≤ σ ≤ 100. In Fig 2, the results from our Pohlhausen method are plotted against those of Crane [4] . From the graph we can see that there is good correlation between the approximate method used in this paper and the exact solution. The accuracy of the approximate method improves with distance from the orifice.
Conclusion
The results obtained from our analysis are in good agreement with those of Crane [4] , as shown in Fig 2. The accuracy of the Pohlhausen method increases with increasing values of x, that is increased axial distance from the orifice. It is also important to note that for a Prandtl number equal to unity the results match up with those of Bourne and Elliston [3] . This paper has shown that the Pohlhausen method can be a powerful tool in predicting the rate of heat transfer from the surface of a cylindrical fibre moving through a stationary fluid at large distances from the orifice.
